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Overview

Some fundamentals of thermal neutron detection.

Detectors developed for the High Flux Beam Reactor 
(HFBR), and where they went.

Development of very large area detectors and their 
installation at major user facilities.

Ongoing advanced detector development.



1 barn = 10-24 cm2



Q-value Absn Depth
(MeV) (25 meV)

1. 3He2 + n → 3H1 + p 0.764 7 cm.atm

2. 6Li3 + n → 3H1 + α 4.8 230 μm

3.      10B5 + n → 7Li3 + α + 0.48 MeV γ 2.3 20 μm

4. 157Gd64 + n → 158Gd64 + (γ’s + e’s) 1.3 μm
Main Ee= 29, 71, 78 and 131 keV

Most Probable Nuclear Interactions



I / I0 = e - Nσ t

where N = number of atoms/molecules per unit volume (cm-3)

σ = cross-section (barns: 10-24 cm2)
t = thickness (cm)

Fraction converted = 1 - I I I0

t

II0Incoming flux Transmitted flux

Absorption (Conversion) in a Detection Medium





n + 3He → p + 3H + 764 keV
↓

~25000 electron-ion pairs

Thermal Neutron Detection in 3He 
and Position Resolution Limit

FWHM ~ 0.8 × proton range 
(~4.2mm in 1 atm. propane)
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5cm×5cm 20cm×20cm

50cm×50cm

150cm×20cm

Suite of Wire-based Detectors



Position Encoding with 
Interpolating Cathode Strips

J.L. Alberi and V. Radeka, IEEE Trans. Nucl. Sci 23 (1976) 251-258

G.W. Fraser, E. Mathieson & K.D. Evans, Nucl. Instrum. & Meth. 180 (1981) 269-279



50cm×50cm Detector

Developed for Small Angle 
Neutron Scattering (SANS)

4 atm. 3He + 1.8 atm. 
Propane

2mm FWHM position 
resolution

Absolute position stability 
50µm

Beam Line H9B

HFBR



50cm × 50cm Detector
This detector ran continuously from 1985 until the HFBR 
ceased operations, with just one major service to remove 
polymerization deposits:



High Precision 20cm×20cm Detectors

Developed for SANS and 
LANS, particularly protein 
crystallography

6 atm. 3He + 2.5 atm. 
Propane

Position resolution ~ 
1.3mm FWHM

3 detectors along an arc for 
greater angular coverage 
(with gaps)

Beam line H6B1

HFBR



Re-deployment of detectors from HFBR
NodesUser/Activity HFBR

Beam Line
Ser. # Nominal  Size

X Y

100 20 × 20 cm2 ?

104 20 × 20 cm2 17 15 LANL (LANSCE): Protein Crystallography Evaln

110 20 × 20 cm2 20 17 BNL (NNS Dept): Imaging: Coded Aperture Masks

Anand Saxena:
Membrane Diff 'n H3B 103 20 × 20 cm2 13 9 ?

John Larese:
Mat'ls Chemistry H5 N/A 5 × 5 cm2 15 15 SNS?

105 20 × 20 cm2 20 17 ORNL (SNS): Liquids Reflectometer

108 20 × 20 cm2 20 17 ORNL (SNS): Magnetism Reflectometer

109 20 × 20 cm2 20 17 ORNL (HFIR): Test Beam

Dieter Schneider: SANS H9B N/A 50 × 50 cm2 33 33 ANL (IPNS): SANS

IO: Experimental IO 105e 20 × 20 cm2 20 17 NIST (NCNR): Advanced Neutron Reflectometer

John Larese,
Tom Koetzle:

Single Xl Diff 'n
(Array of three)

H6B1

Dieter Schneider:
Macromolecular
Crystallography
(Array of three)

H3A

Deployed to:

Legend: LANSCE: Los Alamos Neutron Science Center

SNS: Spallation Neutron Source

HFIR: High Flux Isotope Reactor

IPNS: Intense Pulsed Neutron Source

NCNR: NIST Center for Neutron Research



20cm × 20cm Detectors at the SNS

The Neutron Pulse,

Vol. 8, No. 1, Spring 2007
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120º Neutron Detector:
Protein Crystallography Station (PCS) 

at LANSCE, Los Alamos

Shipping Day, July 27, 2001

BNL → LANL

Detector and Data Acquisition System



Spallation Neutrons:
A new arena for protein crystallography
A DOE-OBER partnership between 
Bioscience Division, LANSCE Division and 
Brookhaven National Laboratory’s 
Instrumentation Division

Langan et al, J. App. Cryst. (2004) 37, 24-31
Schoenborn et al, J. Synch. Rad. (2004) 11, 80-82

28m path length 
from moderator 
to sample





Physics Today, November 2003



120º Detector Installed at the PCS, LANSCE



UIR (Uniform Irradiation Response) of
120º Detector (8-segments)



Diffraction Spectra from the 120º Detector at the PCS



120º Detector Installation at the PCS of 
LANSCE, LANL

Winter 2002 Winter 2005

Front Covers of ACA Newsletter



120º Detector Installation at the PCS
LANSCE, LANL

PCS: Protein Crystallography Station
LANSCE: Los Alamos Neutron Science Center
System optimized for a spallation source
Station oversubscribed with users by a factor 3
Has run since January 2002 without interruption
March 2007: DAQ upgrade and 3He topped up 
Upgrade proposed to OBER – reviewed very favorably
Results from PCS have been the catalyst for MaNDi at SNS
Results from PCS fuelled interest from ANSTO in similar system



Reduction in stored energy
Conventional preamp 
connection

Revised preamp connection

J.A. Harder et al.,

NIM A576 (2007) 397-402



120º Neutron Detector for OPAL Reactor
ANSTO, Australia

OPAL Reactor: Open Pool Australian Light-water Reactor
ANSTO: Australian Nuclear Science and Technology Organization

Shipping Day, 
Dec 18, 2006 
BNL → ANSTO



120º Neutron Detector:
ANSTO, Australia

Checking out the detector on arrival

Lowering detector onto goniometer



OPAL Reactor: Beam-lines in Guide Hall

Wombat
Echidna

Kowari

Koala

Pelican

Platypus

Quokka

Taipan



HIPD ( WOMBAT)
High Intensity Powder Diffractometer

http://www.ansto.gov.au/__data/assets/pdf_file/0016/24226/Wombat_Fact_Sheet.pdf



120º Neutron Detector:
HIPD, ANSTO, Australia

Detector fully 
installed and 
operating on 
the goniometer
of the HIPD
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Area of each pad ~ 25 mm2

a ~ 5.4 mm
d = 40 mm
d/a ~7.4
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Point charge travelling to center 
of pad in an array with d/a = 7.4

Detectors Operating in Ionization Mode
n + 3He → p + 3H + 764 keV

E

Collecting 
Pad

30,000 electrons



Detector Components
1.  8 × 8 pad board

SANSROC board

Steel Base Flange

Underside of 8 × 8 pad board

64 ch ASIC
CMOS 0.25μm
LPQP

2.  Rear of steel flange

3.  Full assembly

Am/Be neutron 
source

Connectors to 
analysis 
computer



48 × 48 Anode Pad Board

One corner of 48 × 48 pad board. 
Each 8 × 8 section feeds one ASIC 

Full board populated by 36 ASICs, or 
2304 channels. Size is 24cm ×24cm, 





Some Attributes of Ionization Mode
Ultra high count rate capability:

~105 /s per pixel, >108 /s per detector
Superb Pulse Height Resolution
No gas amplification: 
• No ageing effect
• Stability and reliability

Flexible geometry: 
• Pixel dimension: ~ 1 – 5mm
• Parallax reduction
• Large area, complex geometry possible

Reliant on development of low noise ASICs
Future Detectors for the SNS and other new facilities
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